An objective of this paper is to determine the jump i n plasma parameters across the November 12, 1978, interplanetary shock, sufficiently accurately to test in a subsequent paper a major prediction of shock acceleration theory: the dependence of the energetic ion spectral index Upon the density compression ratio. We use ISEE 1 and 3 measurements of the magnetic field and electron and proton densities, temperatures, and bulk velocities, as well as ISEE 3 alpha particle measurements, and confirm the ISEE 1 electron densities using plasma wave measurements. We solve for the shock normal using four independent methods and show that the upstream and downstream flow parameters are consistent to better than 10% with 7 = • Rankine-Hugoniot jump conditions. We conclude that the November 12, 1978, shock was a high-speed (612 km s-X), supercritical, quasi-parallel (0an = 41 ø) shock of moderate strength (fast Mach number of 2.8) propagating into an upstream plasma whose total • was 1.14 and whose electronto-proton temperature ratio was 2.8. This shock had three dissipative scale lengths, one of a few Larmor radii associated with its magnetic field jump, one of about 10 R e associated with electron equilibration, and one of about 30 R e associated with an energetic proton foreshock.
INTRODUCTION
Studies of interplanetary shocks reveal large-scale features of shock structure that are difficult to perceive in bow shock measurements. The earth's bow shock's radius of curvature is smaller than the length scale of the foreshock, and the spatial dependences of the energetic proton fluxes and MHD wave amplitudes in the foreshock are not easy to determine. Furthermore, the magnetosheath turbulence downstream of the quasi-parallel zone of the bow shock extends directly to the magnetopause, so that the decay length of the turbulence is hard to estimate. The bow shock is not perfectly separated from the magnetopause, and weak dissipation mechanisms acting over distances greater than the bow shockmagnetopause separation may have been overlooked in magnetosheath studies.
In the first of three papers concerned with the November 12, 1978, interplanetary shock, we assembled ISEE 1, 2, and 3 measurements of the upstream magnetic field, plasma, energetic ions, and Mild and plasma waves [Kennel et al., this issue] (hereinafter paper 1). We reached two major conclusions. First, the shock had entered a closed magnetic island before it encountered the ISEE spacecraft. The energetic proton flux, and the MHD and plasma wave amplitudes, were enhanced inside the magnetic bubble, whose leading edge swept over ISEE 3 two hours ahead of the shock. Second, a comoving energetic ion foreshock led the shock by 45 min. The exponential scale length of the energetic proton flux in the foreshock was about 30 R e, and > 10-keV protons achieved a/• of order unity at the shock. Strictly speaking, this foreshock was part of the overall shock structure. Drury and Volk [1981] De•artm'ent of Physics, University of California, Los Angeles. followed the November 12 shock, in order to define the downstream region to which shock acceleration theory applies. We conclude with a summary in section 6. The !SEE 3 and 1 magnetic field profiles were remarkably similar, even at high time resolution. The field magnitude varied between 7 and 9 7 during the last few seconds prior to shock encounter at both spacecraft. The magnetic field at ISEE 3 jumped from 9.2 7 at 0028'17 UT to 17.8 7 at 0028' 18.40 UT, for a compression ratio of 1.93. The corresponding exponential scale length was 1360 km. The ISEE 3 plasma wave intensity and spectrum began to change at 0028' 16 UT with a time scale similar to that of the magnetic field . The ISEE 1 magnetic field increased from 8.8 7 at 0058'26.30 to 17.3 7 at 0058'27.30, for a compression ratio of 1.97, and an exponential scale length of 940 km. The proton inertial length c/copp was 112 km, based on an upstream density of 4 cm-3 (Table 2 ). In section 4 we will find that the component of solar wind speed parallel to the shock normal was 238 km s-a in the shock frame. The characteristic proton Larmor radius, based upon this flow speed and an average upstream field magnitude of 8 7, was 297 km. Thus the magnetic field scale length was comparable to the bow shock's [Livesey et al., 1982] in both absolute and normalized terms. The similarity of the downstream magnetic field enhancements at ISEE 1 and 3 suggests that they were comoving with the shock. If so, they were either 1.7 or 5.2 Re thick at ISEE 3, and 3.0 R e at ISEE 1. Thus these structures were much larger than bow shock magnetic field overshoots [Livesey et al., 1982] . A highly disturbed period followed the field rotation. We will see that dramatic variations of solar wind density and temperature accompanied those in the electric and magnetic fields. After 0110 UT the interplanetary field became more quiescent, and ISEE 1 entered a new and different solar wind state. We will discuss the field rotation and the disturbed period following it in section 5. Until then, we will concentrate on the shock, though we will also introduce data pertinent to the analysis in section 5. mum and maximum temperatures derived from a complete angular scan, and as a result, successive data points can show a significant spread. By comparing the angular positions of the temperature extrema with the direction of the magnetic field, we infer that the maximum is usually parallel to the magnetic field, and the minimum, perpendicular.
SOLAR WIND ELECTRON AND ION MEASUREMENTS
There was a gradual increase in both the maximum and the minimum proton temperature upstream of the shock. During the last few minutes prior to encounter, the proton temperature increased more rapidly and became isotropic; it was 7.5 x 10 '• øK just before the shock. It jumped to 5.8 x 105 øK across the thin magnetic jump and then increased again to 8.5 x 105 øK at the 0059:28 UT density maximum, at which time the proton temperature was about 1.6 times the electron temperature. Then, behaving like the electron temperature, the proton temperature decreased to a minimum associated with the high-density region at 0107:58 UT. It increased to above 10 a øK after 0110 UT. Shown, in descending order from the top, are the alpha particle temperature, the alpha/proton density ratio, the proton density, the proton temperature, and the proton bulk speed. As in Figure 8 , the maximum and minimum alpha and proton temperatures derived from a complete angular scan are plotted, this time as the extrema of error bars. These generally correspond to the parallel (maximum) and perpendicular (minimum) temperatures. Although significant data gaps surround the shock, field rotation, and high-density region, the data do indicate the solar wind conditions upstream and Figure 10 show the alpha particle temperature and the alpha/proton number density ratio. The alpha temperature was roughly 4 times the proton temperature upstream and at the one alpha particle data point recorded between the shock and the field rotation. The alpha/ proton density ratio was highly variable. In our calculations of the Rankine-Hugoniot relations in section 4, we will assume that 7.5% was a reasonable average upstream value. In closing, we note that the values of Usn in Table 1 Our first task is to tabulate the upstream and downstream flow parameters whose consistency with the RH relations is to be tested. In so doing, we must keep in mind the nature of the data available to us. In particular, the limited time resolution of the plasma data means that we can apply the RH relations to the jumps in plasma parameters, not over the short magnetic field scale length of Figure 1 , but over the longer scale length over which the electron temperature, for example, reached a steady downstream state (Figure 6 ). In fact, we will identify the downstream state with the 0059:28 UT ISEE 1 density and temperature maximum, and its analog at ISEE 3. This strategy has two implications. First, although the electrons might have behaved isothermally over the short magnetic scale length, we can assume •,--• here, since both core and halo electrons were probably scattered on the longer scale length (Figure 7) . Furthermore, Russell et al. [1983] found that the jumps in plasma and magnetic field across other interplanetary shocks are better predicted using 7 = • rather than 7 = 2 in the RH relations. Second, we should use averaged upstream and downstream magnetic field measurements, to correspond to the time scales over which the plasma measurements were taken, and to remove the effects of the large-amplitude MHD waves on both sides of the shock.
We will not include the MHD wave fluxes in the RankineHugoniot calculation. The wave amplitude upstream of the shock, normalized to the background magnetic field, was about 25%, so that the wave energy density was about !2% of the magnetic field energy density. In other words, the "wave /•" was about 0.12, whereas the upstream thermal /•x was _• 1.14. Thus the neglect of the MHD waves in the RH calCulation is probably justified. Tables 2 and 3 it is possible to determine. The electron and proton bulk velocities are in excellent agreement, and the electron number density exceeds the proton density by an amount that is reconcilable by imposing charge neutrality using the measured ISEE 3 alpha/proton density ratio of about 7.5%. Although the conditions upstream of the ISEE 1 and ISEE 3 shocks were quite similar, there were noticeable differences. The magnetic field magnitude was roughly constant during the 1 min before the ISEE 3 shock, whereas it increased upstream of the ISEE 1 shock. The electron temperature increased approaching the ISEE 1 shock, while it was more nearly constant at ISEE 3. The core plus halo average electron temperature was 50% larger ahead of the ISEE 1 shock than at ISEE 3. Of greatest interest, the proton bulk velocity increased from 370 to 400 km s-1 in the half hour before the ISEE 3 shock, whereas it remained constant at 370 km s-1 at ISEE 1. Thus at ISEE 1 the solar wind was 30 km s-1 slower upstream of the shock than it was at ISEE 3. This 30 km s-1 difference in solar wind speed is consistent with the deceleration typically observed in the earth's foreshock [Bame et al., 1980] . Thus our RH solution should be more reliable for the ISEE 3 shock, because of the complex interaction between the interplanetary shock and bow shock at ISEE 1.
The factor of 2 jump in electron temperature across the ISEE 3 shock is consistent with an adiabatic temperature increase calculated using the measured electron density compression ratio and • for the ratio of specific heats. Numerical simulations of quasi-parallel shocks [Quest et al., 1983 ] also find that the electrons are adiabatic. However, the jump in average electron temperature across the ISEE 1 shock was smaller than that given by a 7 = • adiabatic law. 
Concluding Remarks
We have provided the RH solutions in parametric form so that the reader may inspect the data and form his own opinion of the accuracy of the Rankine-Hugoniot solution. To us, 
DOWNSTREAM HYDROMAGNETIC STRUCTURE

Introductory Remarks
In this section we characterize the complex changes in flow state that followed the November 12, 1978, shock. In section 5.2 we discuss the strong magnetic field rotation that initiated these changes. A sheet or filament of dense cold plasma followed the field rotation (section 5.3). Immediately afterward, the solar wind speed and temperature increased, and the density decreased (section 5.4). Finally, both ISEE 3 and ISEE 1 detected a magnetic neutral region about 25 min after shock encounter (section 5.5). We summarize our observations in section 5.6. Figure 2 shows that the magnetic field strength increased monotonically between the local minimum terminating the magnetic structure trailing the shock and a local maximum that preceded the field rotation by 30 s at ISEE 3 and 15 s at ISEE 1. During this interval the X and Y components of the interplanetary field remained relatively constant, while the Z component became more negative, so that the interplanetary magnetic field (IMF) gradually became more perpendicular to the shock normal. By combining information from Tables 1, 3 , and 4, we find that the angle between the magnetic field and the method 3 shock normal, which was 69 ø downstream of the shock, increased to 98 ø at ISEE 1 and 105 ø at ISEE 3, just ahead of the rotation.
Magnetic Field Rotation
The leading edge of the field rotation arrived at ISEE 3 at 0034:06 UT, 348 s after the shock, but the full rotation was not completed until 34 s later, at 0034:40 UT. By contrast, the ISEE 1 field rotation, which occurred at 0105:25 UT, 419 s after the shock, took less than a second to complete. The 71-s increase in the shock rotation time delay between ISEE 1 and 3 suggests that the rotation propagated more slowly than the shock, or that the planes of the shock and field rotation were inclined to one another, or both.
The full rotation at ISEE 3 was similar to the sharp rotation at ISEE 1. Table 4 shows the magnetic field vectors upstream and downstream of these rotations, 11• and !i2 respectively, together with the difference vector 112-11•. The rotation, which left the field magnitude constant, took the interplanetary field essentially from the (X, Z) plane upstream to the (Y, Z) plane downstream at both spacecraft. Since Bx and B r then had the same sign, the field downstream of the rotation was in an anti-garden hose direction. ISEE 1 had been magnetically connected to the bow shock before its encounter with the interplanetary shock, which changed the field direction and disconnected ISEE 1 from the bow shock. ISEE 1 probably continued to be disconnected from the bow shock after the rotation, since the magnetic field do indicate that the density rose to 22 cm -3 5-10 min downstream of the shock, consistent with the peak electron density at ISEE 1. We may time the arrival of this density maximum at ISEE 3 more accurately using magnetic field data. The sequence of events in the interplanetary field at ISEE 3 was entirely similar to that at ISEE 1. A region of uniform field, whose sense was the same as at ISEE 1, followed the rotation.
There followed a small depression in magnetic field strength and then a brief dip in Br accompanied by an increase in Bz from •-6 to + 15 7. Bz then turned negative. The field magnitude minimum, which presumably locates the density maximum at ISEE 3, occurred at 0035'42. Thus the dense cold structure took 1938 s to propagate between ISEE 3 and ISEE 1; it trailed the ISEE 3 and ISEE 1 shocks by 434 s and 574 s, respectively.
Transition to Low-Density Fast Flow
At the trailing edge of the region of high-electron density, both the electron and proton temperatures decreased to minima, and there was a rotational disturbance in the magnetic field that affected both Br and Bz. When B z, which had turned positive for the first time in many hours, again swung negative, the electron density, which was 21.5 cm -3 at 0107' 58, diminished to 6.23 cm-3 at 0109' 20 and then to 4.75 cm-3, comparable with the density upstream of the shock, at 0109' 49. A density minimum following the density maximum may also be discerned in the SFR plasma wave measurements of Figure 9 . Between the electron density maximum and the minimum at 0109'49, the electron temperature doubled from 2.7 x 105 øK to 5.4 x 105 øK, the proton temperature increased from 2 x 105 øK to above 106 øK, and most importantly, the electron bulk speed increased to about 620 km s-•. 
Magnetic Neutral Region
After the events described above, the properties of the solar wind remained stable until a magnetic neutral region passed over ISEE 3 and 1. The top four panels of Figure 13 show the ISEE 3 magnetic field magnitude and components for the period 0048-0100 UT, and the bottom panel shows the ISEE 1 field magnitude for 0116-0128 UT. The neutral region traversal was complete at ISEE 3, since the field magnitude reached a minimum of le•s than 1 7, Bx and Br changed sign, and Bz hovered around zero. Note that the magnetic field retained its anti-garden hose sense, since Bx and Br had the same sign on either side of the neutral region. ISEE 1 detected only a partial field reversal, since the field strength minimum was larger than that at ISEE 3 and while Bx and B• dipped to zero, they recovered their original positive values after the neutral sheet encounter. This was the first occasion, among all those discussed here, in which the general sense of the interplanetary field differed at ISEE 1 and 3, and it suggests that the neut•;al sheet was inhomogeneous on the space and time scales separating the two spacecraft encounters.
The ISEE 1 electron density, which was about 8 cm-3 near 0116 UT, when the field strength began to diminish, increased to 11 cm-3 at 0122'16 at the field minimum. This increase in density, combined with a proton temperature in excess of 10 6 øK, probably accounts for the increased plasma pressure needed to balance the observed decrease in magnetic pressure in the neutral region. The electron density returned to 8-9 cm-3 after 0122 UT, when the field magnitude had substantially recovered.
Exactly 28 min, or 1680 s, separated the ISEE 3 and ISEE 1 field minima. Given the distance, AX = -181.3 RE, separating ISEE 3 and 1, we estimate that the X component of the average speed of the neutral region was about 695 km s-•, about equal to the local proton bulk velocity at ISEE 1 (Figure 8) and ISEE 3 (Figure 10 ). Therefore the neutral region comoved with the solar wind.
Summary
The November 12, 1978, interplanetary shock evidently had overtaken a number of solar wind structures just before it encountered ISEE 3 and 1. A uniform region of postshock flow was terminated at each spacecraft by a strong magnetic field rotation at which an increase in plasma density took place. The rotation initiated a complex transition between the shocked solar wind, in which the IMF was in the (X, Z) plane, and a less dense, hotter, and faster flow whose magnetic field was in the (X, Y) plane. Embedded in this transition region was a sheet or filament of cold high-density plasma. The differences in the delays between the arrivals at ISEE 3 and 1 of the shock, field rotation, cold dense region, and high-speed flow indicate that the region downstream of the shock was not in steady state, or that the various structures were inclined to one another, or both. Following the structures above was a magnetic neutral sheet that comoved with the local solar wind speed between ISEE 3 and 1. Although the very different senses of the IMF upstream of the shock and near the neutral region obscure the relationship between the neutral sheet and the closed magnetic island upstream of the shock, the fact that both were observed strengthens the interpretation that ISEE 3 and 1 were near the reversal region of the heliospheric field during the November 11-12 event.
Only the uniform region between the shock and field rotation corresponds to the conditions postulated by theories of particle acceleration by shocks. Because large-amplitude waves were absent, the physics of energetic particle acceleration and transport was very different downstream of the magnetic field rotation.
DISCUSSION
One objective of this paper was to determine as accurately as possible the jump in plasma parameters across the November 12, 1978, shock, to permit a quantitative test of one of the major predictions of shock acceleration theory, the sensitive dependence of the energetic ion spectral index upon the density compression ratio [Axford et al., 1977] . We will carry out this test in paper 3. Our strategy here was to accumulate reinforcing, redundant information about the shock jump. We used information from both the ISEE 3 and ISEE 1 shock encounters. For the ISEE 1 shock we compared densities obtained from independent measurements of protons, electrons, and electron plasma waves. For ISEE 3 we used electron, proton, and alpha particle measurements. We solved for the shock normal in four different ways. We had enough information to test the consistency of our measured upstream and downstream parameters with the Rankine-Hugoniot jump conditions. We concluded that the November 12, 1978, shock was a high-speed (612 km s-I), supercritical, quasi-parallel (0B, = 41 ø) shock of moderate strength (last Mach number of 2.8) propagating into an upstream plasma whose total fi was 1.14 and whose electron-to-proton temperature ratio was 2.8. These parameters are similar to those expected for old supernova shocks propagating in the hot, low-density phase of the interstellar medium lAxford, 1981]. We also found that the ISEE 3 and 1 shocks differed slightly. In particular, the solar wind speed ahead of the ISEE 1 shock was 30 km s-• slower than at ISEE 3, an effect attributable to deceleration in the earth's foreshock. Together with other evidence that ISEE 1 was magnetically connected to the bow shock, this means that only the ISEE 3 shock can be used in a quantitative comparison with acceleration theory. Scholer and lpavich [1983] have already shown that the spatial profiles of > 30-keV protons differed ahead of the ISEE 3 and 1 shocks because of the ISEE 1 bow shock connection.
Our close scrutiny of the November 12, 1978, shock revealed that the magnetic field and electrons changed on different scale lengths. The magnetic field jumped over about 1000 km, whereas the core plus halo electron distribution equilibrated on a 12-RE scale which would not be readily perceived from bow shock and magnetosheath measurements. The long electron scale length is presumably associated with the thermalization of supei'thermal electrons. The Rankine-Hugoniot conditions applied over a ,-, 10-RE scale did agree with observation, assuming that the ratio of specific heats was •. In any case, to test shock acceleration theory, we must obtain the full density compression ratio achieved over one energetic proton mean free path, which we will show in paper 3 was also about 12 RE. Thus although we were unable to resolve that part of the density jump occurring across the thin magnetic discontinuity, we believe that our measured compression ratio of 2.75 is suitable for a test of acceleration theory.
In 
